Diastereoselective access to polyoxygenated polycyclic spirolactones through a rhodium-catalyzed [3+2] cycloaddition reaction: experimental and theoretical studies.
The synthetic utility of γ-alkylidenebutenolides is demonstrated as highly competent dipolarophile partners in both intra- and intermolecular rhodium(II)-catalyzed 1,3-dipolar cycloaddition reactions. The strength of this approach lies in the formation of spiro[6,4]lactone moieties with the concomitant construction of quaternary spiro stereocenters. Typically, the construction of spirolactones involves an esterification step, which has often been reported as a "biosynthetic pathway", and often occurs either as or near to the final step of a total synthesis. Furthermore, a convergent and versatile route is reported for the formation of the (5,7) skeleton of molecules that were isolated from the Schisandra genus. Computational studies were performed to provide an overall picture of the mechanism of the intermolecular [3+2] cycloaddition between 2-diazo-1,3-ketoester and protoanemonin and to rationalize the empirical observations. In particular, we have demonstrated for the first time that the rhodium center plays an important role during the cyclization step itself and reacts with the dipolarophile as a complex with the ylide.